Optimal staging of primary, nonmetastatic colorectal cancer (CRC) is critical for accurate establishment of patient prognosis and treatment planning. Adequate retrieval and assessment of lymph nodes (LNs) in CRC resection specimens is an important component of staging. The identification of metastases in LNs or "positive nodes" in a CRC resection specimen denotes a cancer that is associated with significantly worse prognosis. More important, patients with positive LNs (stage III) derive a 33% increased survival benefit (15/100 absolute benefit) from the combination of surgery and adjuvant chemotherapy. People without LN metastases (stages I and II) do not derive a clear benefit from the addition of chemotherapy and usually are treated with surgery alone. [1] [2] [3] Optimal retrieval and assessment require the surgeon to remove an adequate length of specimen and adjoining mesentery and for the pathologist to search diligently for nodes. Recent studies have shown that LN assessment in CRC resection specimens frequently is suboptimal. [4] [5] [6] [7] Failure to assess enough LNs might be associated with incorrectly designating a patient as having no metastases in the LNs ("node-negative"), whereas a more thorough evaluation might reveal that a proportion of LNs in the specimen are, in fact, positive. Failure to identify metastases in LNs results in understaging disease in a subset of patients and, consequently, might cause clinicians not to offer adjuvant chemotherapy. Studies have demonstrated inferior survival results for patients with CRC with small numbers of LNs assessed. 4, 8, 9 Recent National Cancer Institute guidelines suggest that a minimum of 12 LNs is required to accurately determine whether a patient has positive LNs. 10 This standard frequently is not met. In a contemporary, population-based study, we demonstrated that
Optimal staging of primary, nonmetastatic colorectal cancer (CRC) is critical for accurate establishment of patient prognosis and treatment planning. Adequate retrieval and assessment of lymph nodes (LNs) in CRC resection specimens is an important component of staging. The identification of metastases in LNs or "positive nodes" in a CRC resection specimen denotes a cancer that is associated with significantly worse prognosis. More important, patients with positive LNs (stage III) derive a 33% increased survival benefit (15/100 absolute benefit) from the combination of surgery and adjuvant chemotherapy. People without LN metastases (stages I and II) do not derive a clear benefit from the addition of chemotherapy and usually are treated with surgery alone. [1] [2] [3] Optimal retrieval and assessment require the surgeon to remove an adequate length of specimen and adjoining mesentery and for the pathologist to search diligently for nodes. Recent studies have shown that LN assessment in CRC resection specimens frequently is suboptimal. [4] [5] [6] [7] Failure to assess enough LNs might be associated with incorrectly designating a patient as having no metastases in the LNs ("node-negative"), whereas a more thorough evaluation might reveal that a proportion of LNs in the specimen are, in fact, positive. Failure to identify metastases in LNs results in understaging disease in a subset of patients and, consequently, might cause clinicians not to offer adjuvant chemotherapy. Studies have demonstrated inferior survival results for patients with CRC with small numbers of LNs assessed. 4, 8, 9 Recent National Cancer Institute guidelines suggest that a minimum of 12 LNs is required to accurately determine whether a patient has positive LNs. 10 This standard frequently is not met. In a contemporary, population-based study, we demonstrated that the determination of LN negativity is based on suboptimal sampling in 73% of cases in Ontario. 5 Despite compelling data and well-formulated guidelines directing surgeons and pathologists to the minimum number of LNs needed to appropriately stage CRC, it seems that barriers exist to this important endpoint in Ontario. Previous researchers have demonstrated that dissemination of information alone at formal continuing medical education events frequently does not change physician behavior. [11] [12] [13] [14] In addition, it has been found that clinical practice guidelines are adopted infrequently into practice, and it has been hypothesized that guidelines will not be adapted in a systematic manner until the context in which physicians must change their behavior is considered. 15 A series of cognitive steps must be undertaken before consistent and durable improvement in physician behavior is realized. Pathman and colleagues 11 hypothesized that when physicians comply with guidelines, they must first become aware of the guidelines, then intellectually agree with them, then decide to adopt them in their practice, and, finally, regularly adhere to them at appropriate times. In an attempt to identify and understand the barriers to optimal LN assessment in CRC, we surveyed Ontario pathologists to identify perceived and unperceived barriers to this endpoint of adequate LN retrieval in CRC specimens using the steps in the Pathman model. 11
Materials and Methods

Identification of Pathologists and Final-Year Pathology Residents
Pathologists across Ontario were identified by using the College of Physicians and Surgeons of Ontario Web site. Physicians who maintain their Ontario license to practice must renew their membership and provide up-to-date practice information to the Ontario College of Physicians and Surgeons on an annual basis. This ensures that a current registry of practicing physicians and surgeons in Ontario is maintained. By using this Web site, pathologists were identified using the search headings of "General Pathology," "Anatomic Pathology," and "Pathology and Bacteriology." In addition, the Web site of the Royal College of Physicians and Surgeons of Canada also was searched under "General Pathology" and "Anatomic Pathology" as a second mechanism of ensuring that all pathologists in Ontario were identified.
Final-year pathology residents were identified by contacting program directors in the 5 university teaching hospitals across Ontario: London, Hamilton, Toronto, Kingston, and Ottawa.
Exclusion Criteria
Pathologists were excluded if they did not work in Ontario, practiced forensic pathology only, practiced only at pediatric institutions, or were functioning only as coroners. Pathologists were counted and contacted only once, even if they were listed multiple times in the directory and had privileges at multiple hospitals.
Pathologists who worked part-time (<3 d/wk), were working in a locum tenens situation, or were retired were not surveyed. Pathologists who subspecialized in areas other than gastrointestinal pathology were not surveyed; such subspecialized pathologists worked at academic centers and rarely processed colon specimens. Pathologists who worked at private laboratories that did not process surgical pathology specimens from an operating room also were excluded from the study.
Contacting Pathologists
Pathologists were contacted by phone by a surgical oncology fellow (F.C.W.) during a 2-month period (June and July 2002). Every effort was made, including multiple calls and requesting forwarding information if the pathologist had changed practices, to contact all pathologists in the province. A standardized introduction form was used to introduce the caller, describe the study, and emphasize how little time (<5 minutes) it would take to complete the phone survey. An alternative time was suggested if the pathologist did not have time to complete the survey during the initial call. Anonymity was guaranteed.
Contacting Final-Year Pathology Residents
Final-year pathology residents were contacted by telephone in August 2002 by a surgical oncology fellow (D.K.) and by a student (R.R.) and asked a series of questions in an effort to understand the level of knowledge surrounding issues of LN assessment and CRC staging. The final year of training is a time when residents are expected to be preparing for their fellowship examinations, and it was hypothesized that their state of knowledge before graduation would reflect the knowledge of a new, fully qualified specialist. The purpose of this assessment was to help clarify gaps in awareness of the importance of LNs as a variable in CRC management.
Data Collection
A standardized data collection form was used. Data were collected from the aforementioned Web sites and the phone interview. The phone interview was designed after a discussion with a focus group of local pathologists specializing in gastrointestinal pathology. The instrument was designed initially by 2 physicians (F.C.W., C.H.L.L.) and then was sent to the pathologists at our institution to evaluate for face validity.
Specific information obtained included demographic information, a description of the type of pathology laboratory employees, and an estimate of the annual overall specimen volume and the weekly colorectal specimen volume. Characteristics about the pathologic assessment of CRC specimens were recorded, and pathologists were asked whether finding 5 extra LNs in a CRC specimen would be an increased burden. Pathologists and pathology residents were asked whether they were aware of guidelines for the number of LNs to be retrieved in a colorectal specimen. If the pathologist or resident indicated awareness of the guidelines, the physician was asked how many LNs per CRC specimen should be assessed. Pathology residents were asked who had trained them to perform gross examination of CRC specimens and how many CRC specimens they had performed gross examinations on during their training. In addition, pathology residents were asked about the relationships of accurate staging in CRC, adjuvant chemotherapy, and overall patient survival. Time for comments was given.
Definitions
An academic institution was defined as an institution at which both pathology and surgical residents completed rotations. A pathology assistant was defined as a person who performed gross examination of colorectal surgical specimens in the pathology suite.
Results
Identification of Pathologists Managing CRC in Ontario
Assessment of the Ontario College of Physicians and Surgeons Web site initially identified 628 pathologists who maintained their Ontario practice license. The search of the Royal College of Physicians and Surgeons of Canada Web site resulted in the identification of 9 additional fellows in pathology who worked in Ontario. We excluded 228 pathologists before calling and another 146 after calling ❚Table 1❚. Data were collected from 85.2% (224/263) of the pathologists whose practice included examination of colorectal surgical specimens in Ontario.
Characteristics of Full-Time Pathologists Who Process Colorectal Specimens and Colorectal Specimen Processing Information
The median age of the surveyed pathologists was 49, and 63.0% were male. The median number of pathologists who worked in pathology departments across Ontario was 5 (range, 1-30). In nonacademic departments, all pathologists processed gastrointestinal specimens. Most academic institutions and almost one third of nonacademic institutions employed pathology assistants ❚Table 2❚.
Characteristics of LN Retrieval
The median number of CRC specimens processed per week was estimated at 4.5. Approximately 2% of pathologists reported spending fewer than 10 minutes searching for LNs in a CRC specimen, 85.2% spent 10 to 30 minutes, and 12.5% spent 30 to 60 minutes ❚Table 3❚. Pathologists estimated that they retrieved 11 LNs per specimen ❚Table 4❚, although a previous study found an actual median of 8 LNs. 5 
Perceived Barriers to Optimal LN Assessment Among Pathologists
Pathologists identified that time was a barrier to retrieving more LNs from a CRC specimen. Approximately 45% of pathologists considered identifying 5 more LNs in a specimen to be a manageable burden, but 43.6% of them thought it would be a significant increase in workload. The majority of pathologists thought that identifying an additional 5 LNs in a CRC specimen would take another 10 to 30 minutes. Other perceived barriers to optimal LN retrieval identified by pathologists (via unsolicited comments) included a lack of pathologists, inadequate length of colon or mesocolon, and technical difficulty in identifying LNs. Of interest, some pathologists mentioned that their institutions had implemented guidelines and protocols to assist their staff in increasing LN counts by using LN-revealing solutions on all specimens or on specimens with low counts ❚Table 5❚.
Unperceived Barriers to Optimal LN Assessment Among Pathologists
The unperceived barrier to optimal LN assessment that we identified was knowledge of the minimum number of LNs to retrieve from a CRC specimen. In our study, more than half of the pathologists indicated that they were aware that guidelines existed for the number of LNs needed to optimally assess a CRC specimen. However, of the 57.9% of pathologists who stated they were aware of guidelines, half thought that fewer than 12 LNs should be assessed (range, 4-16).
Survey of Final-Year Pathology Residents in Ontario
All 7 final-year pathology residents were surveyed; all had trained with a pathologist specializing in gastrointestinal pathology. Most pathology residents (5/7) had performed gross examination of more than 21 CRC specimens, and most were taught these skills by pathologists. A minority (2/7) of the pathology residents knew at which stage patients with colon cancer were offered curative chemotherapy, and 1 pathology resident knew the absolute benefit of adjuvant chemotherapy for survival. In contrast, 6 of 7 knew that guidelines for the number of LNs to assess existed, and 6 thought the number was greater than 12 ❚Table 6❚.
Discussion
Changing or improving physician behavior is a complex undertaking. It is increasingly evident that a change in physician behavior might not occur, even in the face of overwhelming data or clinical practice guidelines. Although evidence-based medicine has been heralded as a critical driver of modern clinical practice, it is clear that guidelines frequently must be accompanied by behavioral and process changes to achieve the goal of improving practice gaps. [15] [16] [17] [18] [19] Understanding the barriers to successful change is necessary to facilitate transition from knowledge to improved practice. Pathman and colleagues 11 proposed the concept that optimal physician behavior can be derailed at many points along the awareness-to-adherence continuum. Although a practice gap regarding LN assessment in CRC in Ontario has been demonstrated, the barriers to optimization of this variable were less clear. 5 Awareness is the first step toward appropriate implementation of a guideline. A series of studies and the subsequent National Cancer Institute guideline indicate it is necessary that a minimum of 12 LNs be assessed to be certain that patients with CRC are given the appropriate stage. 10 The present study identified that substantial barriers might exist at the awareness level in the case of LN retrieval and assessment in CRC. Among final-year pathology residents, a subset of answers reflected a lack of knowledge about the relevance of LN retrieval and its importance for determining whether potentially life-saving adjuvant chemotherapy will be offered to a patient. A substantial proportion of final-year pathology residents did not know that treatment of stage III (node-positive) CRC results in 15 additional lives saved per 100 patients treated. However, most pathology residents were aware of the existence of guidelines for LN assessment and how many LNs should be assessed. In comparison, 57.9% of practicing pathologists were aware of guidelines for the number of LNs to assess. Of the pathologists who were aware of the existence of guidelines for the recommended number of nodes to assess in a CRC specimen, half indicated that fewer than 12 LNs should be assessed. The data suggest that among practicing pathologists there is limited awareness of the need to try to assess 12 LNs from a CRC specimen; therefore, it is not surprising that the search for LNs might be halted at a lesser number if LNs are not recovered readily. These findings suggest that there is an important role for focused education strategies aimed at bridging the knowledge gap among practicing pathologists.
Previous authors have noted that resistance from small groups of physicians and poverty of resources locally can substantially impede efforts to implement a guideline. 20 We did not detect specific data to raise concern about agreement that a minimum number of LNs are associated with optimal staging. Indeed, only 1 clinician (0.4%) indicated that "guidelines are not relevant to real life." This finding is consistent with the finding of Gattellari and colleagues, 21 who found a minority of Australian surgeons questioned the content of expert guidelines pertaining to the management of CRC. Our study does not clarify how many pathologists in Ontario strongly agree with the importance of adequate LN assessment in CRC. More important, it is less clear how many would agree and be strongly committed to making changes if their awareness of the issues was heightened. 22 Process issues in the pathology suite are perceived to be a threat to adoption of practice guidelines regarding LNs in CRC specimens. It is a naive assumption that poorly compliant physicians are necessarily uninformed, uninterested, entrenched in old ways, or unwilling to act in their patients' best interest. 11 There might be substantial barriers in the process of LN retrieval and assessment. 23 A substantial subset of pathologists indicated that workload pressures and the degree of difficulty and time involved in retrieving LNs in CRC specimens were concerns. This survey suggests that majority of pathologists spend 10 to 30 minutes evaluating a given CRC resection specimen. Indeed, some pathologists commented that LN retrieval in CRC was the most time-consuming aspect of their jobs. Previous work has suggested that efforts aimed at obtaining at least 5 more nodes would be important in optimizing LN assessment in Ontario. 5 A majority of pathologists surveyed thought identifying an additional 5 LNs in a specimen would require at least 10 more minutes and perhaps more than 30 minutes. Moreover, many indicated that looking for 5 more LNs would constitute a "significant burden." Despite this, it is clear that some pathology laboratories and individuals are successful in identifying more LNs when the counts are low. Reassessing the mesentery, randomly submitting fat, or using LN clearing solution are examples of this. Our previous research has suggested that this is more effective in accurately staging LNs than using more expensive and time-consuming techniques such as serial sectioning and immunohistochemical analysis ("ultrastaging"). 8 
No. of Pathologists
Pathologists' comments Find as many LNs as I can (do not stop at a specific number) 24 Find all LNs the first time (do not go back to look a second time) 15 LN retrieval is time-consuming and short on pathologists
LN, lymph node; PA, pathology assistant.
We noted superior, but not optimal, retrieval in hospitals where pathology assistants worked. Previous studies have suggested that pathology assistants might have better performance than pathologists or residents. 24 A previous study demonstrated that academic institutions assessed more LNs in stage II CRC specimens than did community hospitals. 5 Academic institutions tend to be larger and are more likely to have pathology assistants and pathologists specializing in gastrointestinal pathology. Interestingly, we did not note a volumeoutcome association; that is, the number of LNs retrieved did not correspondingly increase with the number of cases processed at a given institution. We hypothesize that the presence of pathologists specializing in gastrointestinal pathology and/or other opinion leaders with a specialized interest in CRC create a culture more attuned to the importance of adequate LN counts. 5 It seems likely that surgeons and pathologists must be aware of the importance of the LN variable in CRC if it is to be adopted and optimized. If surgeons do not submit resection specimens with an adequate "cuff" of mesentery, it is less likely that personnel in the pathology suite can find and assess an optimal number of LNs. Unsolicited comments from 5% of practicing pathologists reflected that this was perceived to be an issue in their institution. In addition, if surgeons themselves are unaware of the optimal number of LNs to assess in a CRC specimen, they will not request that a certain number of LNs be examined in their patients' specimens. ❚Figure 1❚ illustrates the multidisciplinary nature of this problem. In summary, expert recommendations might be seen as untenable owing to a variety of process barriers, such as inadequate specimens and excessive workload. 25 Understanding the barriers to adherence might permit targeted interventions. 11 A practice gap in LN assessment has been demonstrated in Ontario. 5 The present study suggests that there remain substantial knowledge gaps about the relevance of LN assessment in CRC in Ontario. The data in this study are self-reported and, as such, are subject to error. Nevertheless, one would expect that the reports would tend to overstate the quality of work being done rather than the opposite. It is interesting that it has been shown that the median number of LNs assessed in Ontario CRC patients aged 19 to 75 years was 8. Conversely, the self-reported number by Ontario pathologists was 11. 5 In some cases, adoption and adherence can happen in the absence of agreement. 11 It is unlikely that this would occur in the case of LN retrieval, as there is no mandated provincial standard that must be met regarding LN number. It is conceivable, however, that improved LN retrieval could occur if a culture change were instigated among professionals treating patients with CRC at an institution. Ultimately, opinion leaders in a given hospital might aid in effecting a change in this regard. 26 Some investigators have suggested that educating patients might have an impact. This approach might be more applicable to a primary prevention strategy such as immunization than to endpoints related to optimizing cancer treatment planning. 11 CRC is treated in the majority of general hospitals across Ontario, and it is reasonable to propose that the barriers to implementation of the LN guideline might differ across institutions. It has been demonstrated that it is possible to effect a substantial change in CRC resection specimen LN counts in a single institution. 27 This was effected through a multipronged approach that emphasized the role of opinion leaders, feedback audits, and the development of a template pathology report. Although a durable improvement in LN counts was implemented successfully (median, 7 LNs before intervention vs 18 LNs after intervention; P < .001), it is likely that the same implementation strategy might not be successful in other environments. Lichtman and colleagues 20 noted that practice guidelines might not always be transported effectively to different settings. Different organizations might have varying capability for change and implementation infrastructure. Furthermore, the factors that permit success in one specific environment might not be present everywhere as the barriers might differ substantially. Although there have been many reports regarding the success of implementation of guidelines, these are frequently from the institutions where the guidelines were developed. 20 The nuances of variable challenges across institutions are not well reported and yet are critical to the success of widespread efforts to change practice. It is likely that the success realized with successful implementation of an LN guideline derived substantially from the time commitment of local champions (opinion leaders) and the cohesiveness of the multidisciplinary team managing CRC. 27 Furthermore, a database was developed that permits "real-time" quality assessment regarding LN number. Audit and feedback have been shown to help effect performance change. 28 These elements are not present in most hospitals throughout the province and, therefore, might hinder efforts to improve LN counts provincially.
We have embarked on an effort to improve LN counts across the province of Ontario; therefore, attention to the range of awareness, attitudes, and barriers to this endpoint is important. Identification and correction of barriers is key to changing the practice pattern locally. Although variation in the barriers might exist at individual institutions, it seems that a knowledge gap exists, in addition to possible workload constraints and inadequate surgical specimens in some cases. A multipronged educational initiative might address the knowledge gaps that exist, but process changes (eg, hiring more pathology assistants) and changes in the workplace might be necessary to overcome barriers to optimal LN assessment in CRC. 23 From the Departments of 1 
